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ABSTRACT 20 members of this family have been defined including MRP-1/CD9,
TAPA-1/CD81, ME491/CD63, and KAI1/CD82. The precise bio-
chemical function of the TM4SF is not clear yet; however, the current
data suggest a role for this superfamily largely in the regulation of cell
lated in metastatic breast cancer cell lines as well as in highly aggressive prgllferatlon, activation, and motility (10, 11_)' A growing body of
breast cancer specimens. To determine whether KAI1 expression is re- evidence suggests that CD9, one member in TM4SF, has at least a
sponsible for the metastasis suppression in breast cancer, we transfected®4% identity with CD82 and is involved in cell motility and metas-
the human KAI1 cDNA into two highly malignant breast cancer cell lines, tasis (12, 13). It was reported that the expression of CD9 was in-
LCC6 and MDA-MB-231, which both have low levels of endogenous KAI1 versely correlated with metastasis in breast cancer (14). Expression of
expression. Parental, vector-only transfectants and KAI1 transfectant CD9 in malignant melanoma cells significantly suppressed the met-
clones were injected into the mammary fat pads and tail veins, respec- astatic potential. Likewise, reduction or loss of ME491/CD63 expres-
tively, of athymic nude mice and assessed for both spontaneous andgjon was observed to be associated with increased metastatic ability of
experimental lung mgtasta5|s: High KAI1 expression significantly sup- human malignant melanoma (15).
pre_ssed the m‘etastatlc potentl_al of KAll-transfected LCC6 cells. Metas- In our previous studies, we demonstrated that KAIL expression, at
tasis suppression co_rr_elat_ed with the reduced rate of tumor growth and_a both message and protein levels, was inversely correlated with the
decreased clonogenicity in soft agar. Furthermore, KAI1 expression sig- - . v

metastatic potential of some established human breast cancer cell

nificantly suppressed thein vitro cell invasion in KAll-transfected MDA- - A L e
MB-231 cells. Our results suggested that KAI1 may function as a negative lines. In addition, we also assessed KAI1 protein expression in human

KAI1 is a metastasis suppressor gene for human prostate cancer and is
also involved in the progression of a variety of other human cancers.
Previously, we have demonstrated that KAI1 expression was down-regu-

regulator of breast cancer metastasis. breast cancer specimens from patients with known clinical outcome,
and we found that more malignant tumor types expressed significantly
INTRODUCTION lower levels of KAI1 protein (16, 17). Our data suggested that KAI1

is down-regulated during the progression of human breast cancer. The
KAIL, a newly identified metastatic suppressor gene for prostaign of this study was to determine whether KAI1 could suppress

cancer, is located on human chromosome 11p11.2. KAI1 expressiavasive and metastatic ability of breast cancer cells. We transfected
was reduced in human cell lines derived from metastatic prost&@l1 full-length cDNA into highly malignant breast cancer cells, and
tumors as compared with its expression in normal prostate tissue (# have measured cell proliferation, invasiveness,ianivo metas-
Down-regulation of the KAI1 protein was observed during the praasis. Our results demonstrated a significantly lower level of invasive-
gression of human prostate cancer (2). Moreover, KAI1 was shownriess and lung metastasis in KAI1 transfectants, which suggested that
suppress metastasis when introduced into rat AT6.1 prostate carcarl could function as a metastasis suppressor gene for human breast
cells (1). The role of KAI1 in tumor progression may not be limite¢ancer.
to prostate cancer. KAI1 expression was reported to be correlated with
the progression of a variety of human cancers such as non-small g TERIALS AND METHODS
lung cancer, pancreatic cancer, bladder cancer, gastric cancer, and
breast cancer (3-7). In addition, expression of KAI1 in colon cancgf!! Lines and Culture Conditions

cells and melanoma cells resulted in reduced cell motility and inva-| ccg and MDA-MB-231 are estrogen receptor-negative and progesterone
sivenessn vitro and in suppressed experimental metastasisvoin  receptor-negative breast cancer cell lines. LCC6 cell line is an ascites model of
melanoma cells (8, 9). These findings, together with the fact thaiman breast cancer cell line MDA-MB-435 (18). Both cell lines were
KAI1 protein has a nearly ubiquitous tissue distribution (1), suggestebtained from The Lombardi Cancer Center Tissue Culture Core Facility. They
thatKAI1 may function as a metastasis suppressor gene in other typeese cultured in modified improved MEM with Phenol Red containing 10%
of cancers. FBS. The neomycin-resistant KAI1 transfectants were maintained in the same

KAI1 is identical to CD82. which is a member of the TM4‘SG=.L). medium but containing 60@g/ml G418 for LCC6 transfectants and 1500

TMA4SF members are characterized by four highly conserved tralﬁ-/ml G418 for MDA—MB-ZSl transfectants. All of the cell lines were free of
. . . . Mycoplasmacontamination.
membrane domains; two relatively divergent extracellular domains;

the larger of which contains several conserved amino acid motifs; ag@dble Gene Transfection
two short cytoplasmic domains at the Neind COOH termini. About )
The pcDNA3-KAI1 vector was constructed by Doagal. (1) and given to
us as a generous gift. This vector was transfected into LCC6 and into MDA-

Received 6/22/00; accepted 4/30/01. ~ . . .
The costs of publication of this article were defrayed in part by the payment of paN(IeB 231 cells using the standard calcium phosphate method. Briefly, at day 1,

charges. This article must therefore be hereby magdrtisemenin accordance with e Cells were plated at about 60-70% confluence in regular growing medium.
18 U.S.C. Section 1734 solely to indicate this fact. At day 2, the medium was changed in the recipient cell cultures. DNA (10-20
* Supported by the Latham Trust Fund (to L. L. W.) and SPORE 5P50CA58185-08 (igy) was mixed with calcium phosphate solutions, and this mixture was added

M. E.L.). ; )
2 Present address: GEB/Division of Cancer Epidemiology and Genetics/National Cglqppmse to the cells. At day 3 (the day after transfection), the cells were

cer Institute, Room 7005, Building EPS, 6120 Executive Boulevard, Rockville, mi¥ashed and fed with fresh medium. At day 4, the antibiotics (G418) at
20852. Phone: (301) 594-7804; Fax: (301) 402-4489. appropriate concentrations were added to the cell culture, and the cells were
3To whom requests for reprints should be addressed, at Department of Intergabwn for about 7—10 days before clone selection. pcDNA3 vector alone was

Medicine, University of Michigan Health System, 3101 Taubman Health Center, 15 .
East Medical Center Drive, Ann Arbor, MI 48109-0368. E-mail: Lippmanm@umich.edu.?so transfected into these cells to generate neofransfected control clones,

4The abbreviations used are: TM4SF, transmembrane 4 protein superfamily; FAG§signated LCC6/con and 231/con, respectively. G418-resistant clones over-
fluorescence-activated cell sorter; FBS, fetal bovine serum. expressing KAI1 were isolated by growth in selective medium.
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Western Blot Analysis the response variable, were transformed using the natural log of the count plus
. = ) ) one to achieve an approximately normal distribution of the data.

Cell proteins were solubilized in lysis buffer [SOWTHEPES (pH 7.5), 150 gl |nvasion. Cell invasiveness was measured as the number of invaded
mm NaCl, 1.5 nu MgCl, 1 mv EDTA, 1% Triton X-100, and 10% glycerol) cejis per five fields. The comparison was made using ANOVA methods with
containing proteinase inhibitors (IMPMSF, 10ug/ml leupeptin, 1Qug/ml 4 single contrast of 231/K2 and 231/K@érsus231/con (21).
aprotinin, 100 mn NaF, and 20Quv NaVO,). Twenty ug of cell lysate were  tymor Growth. Tumor volumes were transformed by adding 1 and taking
mixed with Laemmlii's sample buffer without 2-mercaptoethanol, and boilegle natural log. The log tumor growth was presented graphically over time. A
for 5 min. After SDS-PAGE (17.5%; Norvex, San Diego, CA), proteins wergomnarison was performed of the log-transformed tumor volumes of LCC/KH
electrophoretically transferred to nitrocellulose (Amersham, Arlingto)e s usthe control at day 26 using a nested ANOVA design (21) to account for

Heights, IL) and probed with C33, a specific monoclonal antibody againgfe two-tumor observations per mouse. For reporting, means of the trans-
KAI1 [a gift from Dr. Osamu Yoshie, Shionogi Institute for Medical Sciencesormed were transformed back to the original units.

Osaka, Japan, (19)]. An enhanced chemiluminescence (ECL; Amersham) Wagietastasis. The number of lung metastases in the KAI1 transfectant

used for signal detection. LCC/KH was compared with control using the Mann-Whitney rank-sum test
(22). Means and SEs, as well as the ranges for those mice with metastases, are
FACS reported for each.

Each test was considered significant if tRevas less than 0.05. All of the
analyses were performed using STATISTICA software (Statsoft, Inc., Tulsa,
rQK, 1998) or SigmaStat software (Jandel Scientific, San Rafael, CA).

Subconfluent cell monolayers were detached with 0.02%BRTA in
PBS. After two washes in cold PBS X 10° cells were incubated under gentle
rotation with a specific anti-KAI1 antibody (Anti-CD82; Pharmagen, Sal
Diego, CA) fa 1 h at4°C. This commercial antibody works very well for
FACS and immunohistochemistry but not for Western analysis. After WQESULTS
washes in cold PBS, cells were incubated with FITC-conjugated goat anti-
mouse IgG for 30 min at 4°C. After washing, cells were suspended in PBS, ahgansfection of KAI1 cDNA and Selection of Stable Clones
cell surface level of KAI1 protein was quantitatively measured by flow . . .
cytometry. Cells, stained with secondary antibody only, were measured at thel © clarify whether KAI1 could suppress breast cancer invasion and

same time to serve as background. The cell-surface-associated fluorescépgtastasis, we transfected KAI1 full-length cDNA into breast cancer

was expressed as fold over background. cell lines LCC6 and MDA-MB-231. LCC6 is an ascites model of the
human breast cancer cell line MDA-MB-435. Compared with MDA-
Anchorage-independent Growth Assay MB-435 cells, LCC6 cells grow tumors more rapidiyvivo. Accord-

A bottom layer of 0.1 ml improved MEM containing 0.6% agar and 10%ngttotour In vivo m?cti?Stascljs asslai/s,tll_(ir(]ﬁ genl\s/ll;j,ivl\(jllgalgf? I
FBS was prepared in 35-mm tissue culture dishes. After the bottom Ia);gle astases more rapidly and consistently than c_)_ ATVIDT cells.
solidified, cells (1,000, 8,000, and 16,000 per dish, respectively) were added\'lllrlp'b"'\/lB'231 cells are reportedly less metastaiicvivo than are

a 0.8-ml top layer of 0.4% Bacto Agar and 5% FBS. All of the samples wePdDA-MB-435 cells but are mgch more invasiv'@vitro (23). There-
prepared in triplicate. Cells were incubated fefl.2 days at 37°C. Colonies fore, we chose LCC6 cells fan vivo metastasis assay and MDA-

larger than 60um were counted in a cell colony counter (Ommias 3600MB-231 cells forin vitro invasion assay. Both of these two cell lines

Imaging Products International, Inc., Charley, VA). have low levels of endogenous KAI1 expression according to our
_ previous study (16). For both of these cell lines, only an expression
Cell Invasion Assay vector was transfected as a negative control, and mixed populations of

This assay was based on the principle of Boyden Chamber (20). BiocG4N€S were selected to avoid clonal variation. These control cells
Matrigel invasion chambers were purchased from Becton Dickinson, and #/&re named as LCC/con and 231/con, respectively. About 20 single-
protocol was provided by the manufacturer. Briefly, cells were plated in the t§ll clones were randomly selected, and the expression of KAI1 was
chamber (1.5x 10* cells/chamber). An §m pore size Matrigel-coated confirmed by FACS assay, immunostaining, and Western blot. In
polycarbonate filter separated the top and bottom chambers. The bottb®C6 transfectants, one clonal population with a high level of KAI1
chamber contained 5% FBS as a chemoattractant. After 24-h incubation, #igyression was selected by Western blot (data not shown). A FACS
noninvasive cells were removed with a cotton swab. The cells that hggsay was then performed to quantify KAI1 expression level of this
migrated through the membrane and stuck to the lower surface of the &4 hopuylation. Fig. 1 shows that KAIL expression in this clone was
brane were fixed with methanol and stained with hematoxylin. For quantifi- _ ... . - ;

. ; I . - significantly higher as compared with LCC/con and was designated as
cation, cells were counted under a microscope in five predetermined f|e|ds|_% ) .

%200 C/KH. In MDA-MB-231 transfectants, five clonal populations
selected (231/K2, K5, K6, K11, and K16) had a similar level of KAI1
In Vivo Metastasis Assays expression by Western blot (Fig. 2). Therefore, two of them (231/K2

and 231/K6) were arbitrarily selected for additional functional assays.
To measure spontaneous metastasix, 10° cells were injected into the

subaxillary mammary fat pads at both sites of 4-to-6-week-old female athyni¢fect of KAI1 on Anchorage-independent Cell Growth
nude mice. Tumor sizes were monitored a week after inoculation of tumor

cells. When the mean tumor diameter reached 1.0 cm, primary tumors weréeThe ability of LCC6 cells to form colonies in soft agar was
debulked. Mice were then maintained for an additional 1-2 months to alleykamined because there exists a correlation between clonogenicity on
further growth of lung metastases. To produce experimental lung metastasist agar and metastatic propensity (24). Fig. 3 shows that the clonal
1.5 X 10’ cells were injected into the lateral tail veins of female athymic n“dﬁopulations of KAI1 transfectants (LCC/KH) had significant reduc-

mice. After 4 weeks, the mice were negropsed’, apd the. lungs Were reMOoVESh in their ability to form colonies in soft agar as compared with
Visible lung metastases were counted in Bouin’s fixed tissues with the aid 0
LCClcon cells P < 0.0001).

a dissecting microscope.

Statistical Analysis Effect of KAI1 on Cell Invasion

Anchorage-independent Growth Assay.A difference in colony-growth AN in vitro cell invasion assay was performed based on the prin-

formation between control and KAI1 transfectants was tested using ANOVR{PIe of the Boyden chamber assay. The Matrigel matrix serves as a
(21). Cell type, controlersuskAl1 transfectant, and numbers of cells platedreconstituted basement membranevitro. The number of cells mi-

(1000, 8000, or 16000) were included as predictor variables. Colony courggating through the Matrigel matrix was counted and the result is
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Control KAI 1 week of injection as compared with their control cells (Fig. 5). At day
400 A 26, the KAI1 transfectants had significantly lower tumor volume
compared with the controlP(< 0.0001). The means of the tumor
2004 volumes were 322.8 mirand 33.5 mm for LCC/con and LCC/KH,
respectively.

Metastasis Step 1.Tumorigenic and metastatic properties of these
clones are depicted in Table 1. All of the control cells (LCC6 wild
type and LCC/con) formed tumors, whereas 27% (4 of 15) of mice
inoculated with single clone of KAI1 transfectants (LCC/KH) did not
200+ grow tumors. These results suggest that KAI1 expression may have a
suppressive effect on tumorigenicity. Also as shown in Table 1,
LCC/KH had significantly fewer lung metastases than did control
0 o a4 o s e T, cells (represented by the mean numbeSE; P = 0.017).

10 10 16 16" 18 10 1 10 10 Metastasis Step 2.To clarify whether the effect of KAI1 is di-
rectly targeted on cancer metastasis, experimental metastasis assay
Fig. 1. Detection of KAI1 protein expression in transfectants of LCC6 cells by rov‘;{v‘,’jls performed using ,LC(?/KH and Con,tml cells. T.umor cells were
cytometry analysis. The cell surface levels of KAI1 protein in vector-transfected LcdBjected i.v. into the tail veins of nude mice, bypassing tumor forma-
cells (LCC/con;A), and KAI1-transfected LCC6 cells (LCC/KHB) are shown. In the tjion at the primary sites. Table 2 illustrates that metastasis to lungs
control panel Control), cells were incubated without the primary antibody. In the KAI1 .
panel KAI 1), anti-CD82 (PharMingen) was used as the primary antibody. was suppressed by at least 50% in LCC/KH. These results demon-

strated that the expression of KAIL1 in LCC6 cells significantly sup-
pressed metastatic ability in athymic nude mice.
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Fig. 3. Clonogenicity of LCC6 clones in soft agar. Cells were incubated in soft agar for
o 145 12 days at 37°C. Colonies larger than &M were counted in a cell colony counter. Data

represent the meatt SE of triplicate dishes. LCC/KH had significantly reduced ability
Fig. 2. Detection of KAI1 protein expression in transfectants of MDA-MB-231 cells byf colony formation as compared with LCC/coR € 0.0001).
Western blot analysis. Proteins were extracted from subconfluent monolayer cell culture
and separated by SDS-PAGE and then transferred to nitrocellulose membrane. The blot
was probed with C33, a specific monoclonal antibody against KAI1 (a gift from Dr.
Yoshie, Osaka). An enhanced chemiluminescence (ECL) was used for signal detection.

231/con are vector-transfected MDA-MB-231 cells. 231/K2 and 231/K6 cells are single 500
clones of KAIL transfectants showing similar levels of KAI1 expresskiba, M, in
thousands. 0
Q 400
i | M
presented in Fig. 4. Two clonal populations of KAll-transfected 2 pe) 300 -
MDA-MB-231 cells, 231/K2 and 231/K6, showed significantly re- E 2
duced invasiveness as compared with 231/con c®lls<(0.0001). i) g 200 -
These data indicated that the enhanced expression of KAI1 in MDA- g K3
MB-231 cells is associated with reduced invasive capability. E = 100 L
=z
Effect of KAI1 on in Vivo Tumor Growth and Metastasis l_i ﬁ
0
To unambiguously elucidate the suppressive effect of KAI1 on & & &
breast cancer metastasis, we injected LCC6 clones into athymic nude o ) )

mice at mammary fat pads, and we monitored tumor growth as well
Fig. 4. Effect of KAIL expression ofin vitro invasiveness of breast cancer cells.
as lung metastases. MDA-MB-231 clones were plated in invasion chambers with filters coated with recon-
Tumor growth. We began to measure tumor volumes 2 weeksiuted basement membrane. After overnight incubation, cells that had migrated through
after the injection and measured continuously every 3 days urikig¢ filters were stained with hematoxylin and counted in five randomly selected fields

. t debulked. Unliki it I thi ; under a microscope &t200. The bars represent the mearSE of three chambers from
primary tumors were debulked. Unlika vitro cell growtn, in vivo separate experiments. KAI1 transfectants 231/K2 and 231/K6é had significantly

tumor growth rates of KAI1 transfectants appeared lower by the 3rgiuced invasive ability compared with 231/con cefs<{ 0.0001).
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Surprisingly, we observed that KAI1 expression appeared to have an
*LCCl/con inverse correlation with tumorigenicity. This is an interesting finding
| +LCC/KH because no previous reports supported the role of KAIL in primary

tumor formation. Consistent with this finding, the ability of colony
formation in soft agar of KAI1 transfectants was also significantly
suppressed. Our results suggest that KAI1 may be a negative regulator
of primary tumor growth in breast cancer. However, at this step, we
cannot draw any definite conclusion because the measurements of
P tumor size were not able to be continued beyond 1 month. One may
% _____ ,%/’"% argue that the growth rates of these cells could be the same but only
with the late onset of tumor formation. In addition, we had only one
. . : : : . single clone with high KAI1 expression; thus, the result is prelimi-
13 16 19 22 26 29 nary. More studies using clones with different KAI1 expression levels
are necessary to further elucidate this point.
) o KAI1 has been extensively studied for its involvement in the
Fig. 5. Effect of KAI1 expression om vivo tumor growth. LCC6 clones (X 10°/per . . L . .
site) were injected into the subaxillary mammary fat pads at both sites of female nJ3E9ression of different human cancers. However, limited information
mice ( = 11 for LCC/con and LCC/KH). Tumor volumes were measured every 3 daysas been available in terms of its suppressioinofivo metastasis;
i st ) o aenn g VN leSS IS known abou ts molecular mechanism as a negative
from a total of 22 transformed tumor measurements from 11 mice (2 tumors each) for eb@@ulator of cancer progression. We correlated KAI1 expression with
cell type. LCC/KH transfectants displayed decreased tumor size compared with thee ability of transfected cells to form lung metastases using both
control cells. spontaneous and experimental metastasis assays. Our results demon-
strated clearly that KAI1 expression in breast cancer cells signifi-
DISCUSSION cantly suppressed the metastatic potential in the KAI1 highest-
expressing clone. These results are different from the study of Phillips
In our previous studies, we observed that KAI1 expression, at bth . (25) in which the transfection of KAIL cDNA into MDA-MB-
message and protein levels, was inversely correlated with the m&{s cells resulted in clones that did not have a significantly decreased
static potential of some established breast cancer cells. In additignyivo incidence of lung metastases. In their study, they noted that
KAI1 was found to be down-regulated in the majority of aggressivg erage number of metastases per lung varied over a large range.
breast tumors examined (16, 17). To further elucidate the effect |qh\yever, they tested only four mice for each clone. Therefore, it may
KAIL on breast cancer metastasis, we transfected KAI1 cDNA injgyt he valid to draw the conclusion with such a small sample size and
two highly malignant breast cancer cell lines, LCC6 and MDA-MBy, g variation. In our xenograft assay with LCC6 cells, we had about
231, which both have low levels of endogenous KAI1 expression (16)5 mice per group. In Phillips’ study, it was shown that the primary
LCC6 was deriyed from MDA-MB-435, a cpmmonly _selected celumors and the metastatic lesions of the transfectants had decreased
model for studying breast cancer metastasis. According to our pgyels of KAI1 protein compared with the inoculated cells. Therefore,
liminary experiments, LCCG cells developtlvivo metastases more the possibility that KAIL levels dropped below a threshold level
rapidly and consistently than their parental MDA-MB-435 cellsiequired for metastasis suppression could not be eliminated. We
Therefore, we chose LCC6 cells for most of our functional assays. @gnstantly checked the KAIL expression levels in KAI1-expressing

the basis of published data and results from our own experimerigyne pefore each experiment to make sure the KAI1 expression was
MDA-MB-231 is more invasivan vitro than is MDA-MB-435, de-

spite being less metastatic vivo. Consequently, we chose MDA-
MB-231 cells for cell migration and invasion assays. Table 2 Metastasis analysis of KAl1-transfected LCC6 cells (i.v. injection)

In agreement with studies of prostate cancer, colon cancer andCcC clones (1x 107/mice) were injected i.v. into the lta_il vgins of fgmglt_’-: nude mice:
melanoma cells by Dongt al. and Takaokiet al. (L, 8, 9), our data (4" JE5eses vere daniies S weeks et e niecon, A st et
also indicate that KAI1 expression did not altervitro cell prolifer-  compared with LCC/con cells by Mann-Whitney rank-sum test. LCCB6 is included as a
ation under either regular or serum-deprived conditions (data rigference, but was not included in the statistical analysis.

Log, Tumor Volume (mm + 1)

= N W A OO N

Days After Injection

shown). However, in contrast to their results, aaorvivo studies Mean no. of
revealed that there appeared a decrease in tumor volumes of KAIL Cell line metastases: SE
transfectants 3 weeks after inoculation (Fig. 5). Tumor size was not LCcCe 107.6+ 36.4
measured beyond this date because primary tumors were debulked to LCClcon 139.8+ 40.6
LCC/KH 47.6+ 236

allow mice a longer survival to develop more visible lung metastases

Table 1 Metastasis analysis of KAl1l-transfected LCC6 cells (mammary fat pad injettion)

Tumor Metastases
Incidence/mice with Non-zero counts
Cell line Incidence Mean counts SE primary tumor range p°
LCC6® 13/13 23.85* 8.84 11/13 3-105 N/A
LCCl/con 15/15 18.53 5.42 13/15 1-69 N/A
LCC/KH 11/15 4.73+ 2.37 10/1¢ 2-35 0.017

2LCC clones (1x 106/per site) were injected into the subaxillary mammary fat pads at both sites of female nude mice. Primary tumors were debulked when the mean tumor
diameters reached 10 mm. About 2—-3 months after the initial innoculation, mice were killed, and lung metastases were counted under a dissecting microscope.

P The p refers to a rank test of metastases count comparing LCC/KH with LCC/con (control).

¢LCCE6 is included as a reference only. It was not included in any analyses.

9 These numbers assume that only mice with tumors produced metastases.

€ Significant at the 0.05 level.
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not lost. To verify the effect of KAI1 on breast cancer metastasis, wé Huang, C. I, Kohno, N., Ogawa, E., Adachi, M., Taki, T., and Miyake, M. Corre-

; ; B lation of reduction in mrp-1/cd9 and kail/cd82 expression with recurrences in breast
furthgr performed the gxperlmental .metasta3|s assay. By directly 2 cer patients. Am. J. Pathal53: 973-983, 1998,
injecting cells into tail veins of nude mice, the tumor formation at thes. Takaoka, A., Hinoda, Y., Sato, S., Itoh, F., Adachi, M., Hareyama, M., and Imai, K.

primary sites was bypassed. There are two advantages associated witReduced invasive and metastatic potentials of kail-transfected melanoma cells. Jpn.

. . . J.C Resg9: 397-404, 1998.
this assay. First of all, we could determine whether the effect of KA”Q. Takggls:rA.esl-?inoda Y., Satoh, S., Adachi, Y., Itoh, F., Adachi, M., and Imai, K.

is directly on metastasis or indirectly through the interference with Suppression of invasive properties of colon cancer cells by a metastasis suppressor
primary tumor formation. Secondly, it takes a much shorter time tg kail gene. Oncogené6: 14431453, 1998.

. . . . Maecker, H. T., Todd, S. C., and Levy, S. The tetraspanin superfamily: molecular
finish this experiment as compared with the spontaneous metastasigagijitators. FASEB J.11: 428442, 1997.

assay (1 monthersus3 months). Therefore, it is less likely thgAI1 ~ 11. Wright, M. D., and Tomlinson, M. G. The ins and outs of the transmembrane 4

gene is inactivated during the experiment. Consistently with the respt i"‘lgzgﬁw% ;thuﬁgtiTT"d?eﬁ?:fSiaggﬁ; lr\fgiiuang C L Koh T. Kodama. K
from spontaneous metastasis assay, experimental metastasis was supoi, 0., and Miyake, M. Reduced motility related proteindlRP-1YCD9) gene
pressed by KAI1 overexpression. In addition, the effect of KAIL expression as a factor of poor prognosis in non-small cell lung cancer. Cancer Res.,
appeared to be directly targeted on metastasis and, KAI expressjgn .., 2040-9044, 1995.

pp y g ' p Si9! lkeyama, S., Koyama, M., Yamaoko, M., Sasada, R., and Miyake, M. Suppression of

was not, at least not completely, inactivated during the experiment. cell motility and metastasis by transfection with human motility-related protein

It has to be noticed that high KAI1l expression level did nof (mmp-1/cd9) DNA.J. Exp. Med177:1231-1237, 1993.

. . g . P . #4. Miyake, M., Nakano, K., leki, Y., Adachi, M., Huang, C. L., Itoi, S., Koh, T., and
erad|cat_e qug metaStasfas This implies that KAI1 is not the sole factor 4k, T Motility related protein 1 (MRP-1/CD9) expression: inverse correlation with
responsible in suppressing breast cancer metaskdSiS-1 a metas- ~ metastases in breast cancer. Cancer Rs 41274131, 1995.

; . ; 15. Atkinson, B., Ernst, C. S., Ghrist, B. F., Herlyn, M., Blaszczyk, M., Ross, A. H.,
tasis suppressor gene for me_lanoma’ was shown to s_uppresio Herlyn, D., Steplewski, Z., and Koprowski, H. Identification of melanoma-associated
metastasis when transfected into a breast cancer cell line, MDA-MB- antigens using fixed tissue screening of antibodies. Cancer Rés2577—2581,
435. Like KAI1 transfectant¥ISS-1transfectants also did not result  1984.

. . - . . Yang, X., Welch, D. R., Phillips, K. K., Weissman, B. E., and Wei, L. L.1. Kail, a
0,
in 100% suppression of lung metastases (26)' Therefore, it is hlgl%Fy putative marker for metastatic potential in human breast cancer. Cancerliéxt.,

likely that multiple genes are required for the complete suppression of 149-155, 1997.

breast cancer metastasis. 17. Yang, X., Wei, L. L., Tang, C. K., and Lippman, M. E. KAI1 protein is down-
regulated during the progression of human breast cancer. Clin. Cancer6Res.,
3424-3429, 2000.

Leonessa, F., Green, D., Licht, T., Wright, A., Wingate-Legette, K., Lippman, J.,
Gottesman, M. M., and Clarke, R. MDA435/LCC6 and MDA435/LCC6MDR1:
ascites models of human breast cancer. Br. J. Caii@e,54—161, 1996.
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